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(54) AIRCRAFT COMPONENT ADDITIVELY HAVING THERMALLY ADAPTIVE MATERIAL AND A
THERMOELECTRIC JUNCTION

(57) A device comprising a base (70) having an outer
boundary (80) and a plurality of base voids (95), the base
formed from a first material having a first coefficient of
thermal expansion (CTE); beads (90) that line ones of the
base voids, formed from a second material having a

second CTE that differs from the first CTE, wherein each
of the beads has a bead void; and a thermoelectric
junction (150) around the outer boundary, or within one
or more of the bead voids.
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Description

BACKGROUND

[0001] The embodiments are directed to an aircraft
component and more specifically to an aircraft compo-
nent having a thermally adaptive material and a thermo-
electric junction.
[0002] Memoryshapealloysmaybeutilized for various
turbomachinery applications to avoid the requirement of
utilizing complexmachinery. However, working fluid tem-
peraturesmay undesirably control the shape of the alloy.

BRIEF DESCRIPTION

[0003] Disclosed is a device, including: a base having
an outer boundary and a plurality of base voids, formed
from a first material having a first coefficient of thermal
expansion (CTE); beads that line ones of the base voids,
formed froma secondmaterial having a secondCTE that
differs from thefirstCTE,whereineachof thebeadshasa
bead void; and a thermoelectric junction around the outer
boundary, or within one or more of the bead voids.
[0004] In embodiments, the thermoelectric junction is a
Peltier device.
[0005] In embodiments, one ormore of the first materi-
al and the second material is a bistable metal, alloy or
composite.
[0006] In embodiments, a base outer surface is formed
from the second material.
[0007] In embodiments, the device is a compressor
case of a cabin air compressor.
[0008] In embodiments, a section of the device defines
a bypass port that is opened or closed by driving current,
through the thermoelectric junction, in a first direction or a
second direction.
[0009] A cabin air compressor including a device hav-
ing one or more of the above aspects is also provided.
[0010] Disclosed is another device, including a base,
formed from a first material having a first CTE, that
extends in a first direction from first side to a second side
and in a second direction froma first end to a secondend;
and a thermoelectric junction disposed between the first
and second sides, so that the thermoelectric junction
extends between the first and second ends, to thereby
define: a first layer of thebase that is between the thermo-
electric junction and the first side of the base; and a
second layer of the base that is between the thermo-
electric junction and the second side of the base.
[0011] In embodiments, the thermoelectric junction is a
Peltier device.
[0012] In embodiments, the first material is a bistable
metal, alloy, or composite.
[0013] In embodiments, the device is configured so
that driving a current through the thermoelectric junction
heats thefirst layerof thebase relative to thesecond layer
of the base to change a shape of the base.
[0014] In embodiments, the device is a compressor

case of a cabin air compressor.
[0015] A cabin air compressor including a compressor
case having one or more of the above disclosed aspects
is also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The following descriptions should not be con-
sidered limiting in any way. With reference to the accom-
panying drawings, like elements are numbered alike:

FIG. 1A shows an aircraft according to an embodi-
ment;

FIG. 1B shows a component of the aircraft according
to an embodiment;

FIG. 2 shows a section of the component in a normal
state, with a base that defines voids that are respec-
tively lined with beads that define bead voids, where
the beads have a coefficient of thermal expansion
(CTE) that is selected to provide a predetermined
deformation when subjected to thermal input, and
wherea thermoelectric junction is formedeitherwith-
in at least one of the bead voids or around the base;

FIG. 3 shows the section of FIG. 2 in a deformed
state;

FIG. 4 shows another configuration of the section of
the component in the normal state, with a base
formed of a material having a CTE that is selected
to provide a predetermined deformation when sub-
jected to heating, and where a thermoelectric junc-
tion is formed within the base; and

FIG. 5 shows the section of FIG. 4 in a deformed
state.

DETAILED DESCRIPTION

[0017] A detailed description of one or more embodi-
ments of the disclosed apparatus are presented herein
by way of exemplification and not limitation with refer-
ence to the Figures.
[0018] FIG. 1A shows an aircraft 1 having a fuselage 2
with awing 3 and tail assembly 4, whichmay have control
surfaces5.Thewing3may includeanengine6, suchasa
gas turbine engine, and an auxiliary power unit 7 may be
disposed at the tail assembly 4. The aircraft 1may have a
cabin air compressor 25. FIG. 1B shows additional de-
tails of the cabin air compressor 25, which may include a
compressor case 30 (or more generally, a device or
component 30) with a rotating shaft 31 and a rotating
compressor blade 32 with seals 33. The component 30
may be a compressor case of the cabin air compressor
25. A bypass port 40may be formed in a section 50 of the
component 30 to allow passage of a flow from the com-
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pressor 60.
[0019] In one embodiment, as shown in FIG. 2, the
component 30 may be, e.g., additively manufactured, to
define a base 70 formed of a first material. The base 70
may define an outer boundary 80 and internal base voids
95 or cavities. The base voids 95 may be lined with a
secondmaterial, that differs from thefirstmaterial, to form
individual beads 90. The beads 90 may respectively
define bead voids 100 or cavities. The second material
may also cover the outer boundary 80 of the base 70 to
form a base outer surface 104. A thermoelectric junction
150 may be disposed in one more of the bead voids 100,
or may be disposed around the boundary of the base 70.
[0020] The beads 90 may be formed of a bistable
metal, alloy or composite. The beads 90 have an oval
cross section, though other shapes are within the scope
of the disclosure. The base voids 95 have a shape that is
complementary to the shape of the beads 90. The beads
90 are configured to change shape by a predetermined
amount when subject to thermal input (e.g., heat) due to
the coefficient of thermal expansion (CTE) of the second
material. For example, when the beads 90 are subject to
thermal input, shape of the base 70 may change from a
first state (FIG. 2) to a second state (FIG. 3). In the first
state, the base70mayextend in a first direction (or length
direction) to define a first length L1 and in a second
direction (or width direction) to define a first width W1
(FIG.2). In thesecondstate thebase70mayhaveextend
in the first direction to defineasecond lengthL2and in the
second direction to define a second width W2 (FIG.3).
From theshapechange, oneof thefirst lengthandwidthL
1, W 1 may be greater than or less than a corresponding
one of the second length and width L2, W2. In the illu-
stratedembodiment, thesecondwidthW2 is less than the
first widthW1 and the first and second lengths L1, L2 are
the same as each other.
[0021] A thermoelectric junction 150 may be disposed
in one more of the bead voids 100, or may be disposed
around the boundary 80 of the base 70. The thermo-
electric junction 150 may be a Peltier device or a Thom-
son device. For example, alternating P andN-type pillars
made with materials with different Seebeck coefficients,
or legs, are placed thermally in parallel to each other and
electrically in series and joined with a thermally conduct-
ing plate on each side, e.g., ceramic, including a cooling
plate 152 and a heating plate 154. When a voltage is
applied to the free ends of the two semiconductors, via
connections 156 there is a flow of DC current across the
junction of the semiconductors, causing a temperature
difference. The side with the cooling plate 152 absorbs
heat which is then transported by the semiconductor to
the other side of the device. One of the cooling plate 152
or heating plate 154maybeexposed to the atmosphere if
desired to bleed energy from it rather than directing
energy from it back to the component 10.
[0022] In another embodiment, shown in FIG. 4, the
component 30 may be, e.g., additively manufactured,
with a base 70 formed of a substantially unitary material

and a thermoelectric junction 150 formed within the base
70. The base 70 may have a CTE that is selected to
provide a predetermined deformation when subjected to
thermal input. For example, the base 70 may extend in
the first direction (the length direction) between first and
secondends160,170and theseconddirection (thewidth
direction) between first and second side 180, 190. The
thermoelectric junction 150 may be disposed between
the first and second sides 180, 190 and extend in the first
direction between the first and second ends 160, 170.
This configuration defines a first layer 200 of the base 70,
between the junction 150and the first side of the base70,
andasecond layer210of thebase70,andasecond layer
of the base 70, between the junction 150 and the second
side 190 of the base 70.
[0023] The base 70may be formed of a bistable metal,
alloyor compositeandextends inafirst direction todefine
a first width W1 and in a second direction to define a first
length L1.When subjected to differential thermal input by
the thermoelectric junction 150, such as heating only one
layer 200, 210 of the base 70, the base 70may deformas
shown in FIG. 5 to form an arcuate shape. When in the
deformed state, a longer side of the base 70 may have a
length L2 that is greater than the first length L1, though
projected along first direction the base 70 has a second
length L2x that is shorter than the first length L1. The
width may be unchanged.
[0024] As can be appreciated, utilizing disclosed ma-
terial configuration shown in FIG. 2 to form the compo-
nent 30 as the case with the bypass port 40, the bypass
port 40 may be selectively opened or closed by applying
thermal input to the material. That is, the port 40 may be
opened or closed by driving current, through the thermo-
electric junction, in a first direction or a second direction.
That is, a controllable bypass port 40 may be obtained
without the need for a movable part.
[0025] The terminology used herein is for the purpose
of describing particular embodiments only and is not
intended to be limiting of the present disclosure. As used
herein, the singular forms "a", "an" and "the" are intended
to include the plural forms as well, unless the context
clearly indicates otherwise. It will be further understood
that the terms "comprises" and/or "comprising," when
used in this specification, specify the presence of stated
features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addi-
tion of one ormore other features, integers, steps, opera-
tions, element components, and/or groups thereof.
[0026] Those of skill in the art will appreciate that
various example embodiments are shown and described
herein, each having certain features in the particular
embodiments, but the present disclosure is not thus
limited. Rather, the present disclosure can be modified
to incorporate any number of variations within the scope
of the invention as defined by the claims.
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Claims

1. A device, comprising:

a base (70) having an outer boundary and a
plurality of base voids (95), formed from a first
material having a first coefficient of thermal ex-
pansion, CTE;
beads (90) that line ones of the base voids,
formed from a second material having a second
CTE that differs from the first CTE,wherein each
of the beads has a bead void; and
a thermoelectric junction (150) around the outer
boundary, or within one or more of the bead
voids.

2. The device of claim 1, wherein:
the thermoelectric junction is a Peltier device.

3. The device of claim 1 or 2, wherein:
one or more of the first material and the second
material is a bistable metal, alloy or composite.

4. The device of claim 1, 2 or 3, wherein:
a baseouter surface (104) is formed from the second
material.

5. The device of any preceding claim, wherein the
device is a compressor case of a cabin air compres-
sor (25).

6. The device of claim 5, wherein:
a section of the devicedefinesabypassport (40) that
is opened or closed by driving current, through the
thermoelectric junction, inafirst directionorasecond
direction.

7. A cabin air compressor comprising the device of
claim 5.

8. A device comprising:

a base (70), formed froma firstmaterial having a
first CTE, that extends in a first direction from
first side to a second side and in a second
direction from a first end to a second end; and
a thermoelectric junction (150) disposed be-
tween the first and second sides, so that the
thermoelectric junction extends between the
first and second ends, to thereby define: a first
layer of the base that is between the thermo-
electric junction and the first side of the base;
and a second layer of the base that is between
the thermoelectric junction and the second side
of the base.

9. The device of claim 8, wherein:
the thermoelectric junction is a Peltier device.

10. The device of claim 8 or 9, wherein:
the first material is a bistable metal, alloy, or compo-
site.

11. The device of claim 8, 9 or 10, wherein:
the device is configured so that driving a current
through the thermoelectric junction heats the first
layer of the base relative to the second layer of the
base to change a shape of the base.

12. The device of any of claims 8 to 11, wherein the
device is a compressor case of a cabin air compres-
sor (25).

13. A cabin air compressor comprising the compressor
case of claim 12.
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